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Timetable: 24 hours. First lecture on May 15, 2018, 09:00 (dates already fixed, see the calen-
dar), Torre Archimede, Room 2BC/30.

Course requirements: The course is a priori addressed to any PhD student. Depending on
the students’ background, a quick recall of differential geometry might be needed at the begin-
ning (vector bundles and some algebraic topology, in particular cohomology and characteristic
classes). The language will be as basic as possible and notions of algebraic geometry will be
introduced but not assumed.

Examination and grading: Seminar

SSD: MAT/02 MAT/03

Aim: This course contains a first part of general culture on the algebraic/holomorphic geom-
etry of Riemann surfaces (complex manifolds of dimension one, which are ubiquitous objects
in both geometry and mathematical physics), close in spirit to the book “Riemann Surfaces” by
Farkas and Kra, followed by a more expository part on the construction and properties of the
Deligne-Mumford moduli space of stable curves (the space that classifies all stable Riemann
surfaces). The idea is to present this space as an ideal algebraic geometric “botanical garden”,
at the same time accessible to non-geometers (thanks also to the holomorphic language), but
rich enough to try our hand with techniques like intersection theory and the Riemann-Roch the-
orem, without loosing ourselves in the wider generality of general varieties/schemes/stacks.
This material will give us the language needed for a short final part, monographic in nature, pre-
senting some remarkable connections between geometry and mathematical physics. The precise
topic of this last part can be chosen among several possibilities, depending on the interests and
preferences of students. An example might be to state and understand the Witten-Kontsevich
theorem, which forms a fascinating bridge between the topology of the moduli space of curves
and the modern theory of integrables systems of PDEs.

Course contents:
- Recall of complex/holomorphic differential/algebraic geometry

- Geometry of Riemann surfaces (an overview including basic topology, the Riemann-
Hurwitz formula, harmonic, holomorphic and meromorphic differentials, periods, divi-
sors, the Riemann-Roch theorem, Jacobians, the Abel-Jacobi map, hyperelliptic curves,
uniformization)
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- Moduli spaces of smooth Riemann surfaces of genus 0 and 1

- Complex orbifolds

- Construction of moduli spaces of curves of any genus

- Stable curves and the Deligne-Mumford compactification

- Cohomology of the moduli space, natural cohomology classes, tautological ring

- Witten-Kontsevich theorem on intersection of psi classes and KdV equation

- Cohomological field theories

- Integrable systems from cohomological field theories
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